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FOREWORD

The series of USANCA papers entitled Nuclear Notes is intended to present unclassified

discussions of' nuclear phenomena in layman's terms. Nuclear Notes are a ready reference for
use by TRADOC school instructors and major command staff officers in their support of the
Army. They are intended to clarify and explain various aspects of nuclear weapon
phenomenology, and are prepared in as nontechnical a manner as possible. Information in
Nuclear Notes is appropriate for dissemination to fire planners, maneuver commanders and
staff, training activities and service schools, and service/materiel organizations. Local
reproduction and distribution are authorized.

The principal author of this paper is MAJ Daniel F. Uyesugi of the US Army Nuclear and
Chemical Agenoy. Comments, views, and suggested additional mitigation techniques are
desired and should be forwarded to. Commander, US Army Nuclear and Chemical Agency, 7500
Backlick Road, Bldg 2073, Springfield, VA 22150.

/ FREDERICK M. GALLOWAY
COL, CE
Deputy Commander --..
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irST OF CURRENT NUCLEAR NOTES

The 1IS Army Nucluiar and Chemical Agency recommends that Issups of' Nuclear Notes be

retained and filed in a loose leaf hinder. Current issues are:

Nuclear Notes Number I - The Electromagnetio Pulse (EMP), Tune 1Iq7

Nuclear Notes Number 2 - The Army Nuoclar Survivability Program, January 1980 (Reviucid)

Nuclear Notes Number 3 - Tile Nnw Nuclear Radiation rfasualty Criteria, May 1975

Nucl.ear Notes Number I - Nuclear Blackout of' Tactical Communioattons, August. 1976

N clear Notes Number 9 - Rainout, December 1976

Nuclena, Notes Number 6 - A Primer on Nuclear Weapons Capabilities, June 1q77

Nuclear Notes Number 7 - Collateral Damage, April 1q78

Nuclear Notes Number 8 - Armored Vehiole Shielding Against Radtation, May 1079

Nuclear Notes Number 9 - Nuclear Weapons Effects Mitigation Techniques, June lqRP

Local reproduction and distribution are authorized; however, headquarters that do so ;wr'e
requested to matntAiin a record of internal distribution so that ohanges, updates, and
corrections may be properly disseminated.
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U NUCLEAR WEAPONS EFFECTS MTTIOA'rTON TECHNIQUESt N OUC'rlON

order to fight and win on the AirLand battlefield, the US5 must. be able to employ
nitclear weapons decisively, and continue to fight effectively after, enemy employment..
Survival of personnel and equipment :und recovery from In.lurv or damage are essential to
continund operations in the nuclear environment. Accordingly, the specific vulnerabil1ties
of personnel and equipment must be understood and meaMuros taken to lhstien or minimize the
impact of potential nuclear weapons effects. Tn recognirion or thon need, USANCA Intendi to
publish several Nuecnar Notes addressing a wide range of weapons effects mitigation
techniquen. Basic mitigation techniques nor nuclear weaponn blast, therrmal, ioniz;ng
radiation, and electromagnetic pulse (EMP) effects will be simmarimed, And the payoffs
associated with employment of each or a combination of techniques will be discussed, \

This Nuclear Note addresses proposed mitigation teohniques that can be employed hefore, I
during, and immediately after a nuclear attack. Two subsequent notes are planned to deal
with "post attack recovery" and "continued operations in a nuclear environment."

WHAT ARE NUCLEAR WEAPONS EFFECTS MITICIATION TECHNIQUE•S?

Mitigation techniques are proposed configurations and procedures for employment of
personnel and equipment to lessen or minimize their vulnerability to nucilear weapons
effects. These techniques are intended to be field expedients that can be accomplished
readily by individuals and units using only such equipment, and material as Are readily
available. Potential mitigation techniques may be as simple as the use of anchors,
tiedowns, and outriggers or digging in to prevent equipment turnover; the use of trackedvehicles as expedient overhead cov3r; and wetting down or compacting defensive positions to
enhance radiation protection.

Mitigation techniques fall into three general categories: actions before, during, or
after a nuclear attack,

1. Actions before a nuclear attack consist of long-range planning, training, and
maintenance for operations on the nuclear battlefield and the assumption of prestrike
protective postures by "strike-warned" troops.

2. Actions during and immediately after an attack include an Indlvidual's immediate
actions to protect himself and reduce his response to the effects of the nuclear detonation.

3. Actions after the attack include recovevy from the effects of the nuclear burst and
continued mission operations in the nuclear environment.

Ideally, each of the potential Injury producing and equipment damaging mechanisms
associated with nuclear effects (e.g., foxhole/fighting position collapse, overpressure,
vehicle turnover, debris, tree blowdown, initial radiation, EMP, ground shook, thermal
radiation, fires, and fallout) should he examined and mitigation techniques compiled. The
nature and effectiveness of ench mitigatibn technique will depend strongly on the situation
considered; i.e., the nuclear environment, protection available, uinit mission, Fnd specific
hardness of the equipment affected. The selection of mitigation techniques contained in
this note is by no means comprehensive. It is intended to be the beginning of a list of
field expedient techniques that users should expand inod tailor to individual and unit needs.

WHAT NUCLEAR EFFECTS ARE OF CONCERN?

Before addressing methods to minimize personnel and equipment vulnerability, it is
important to understand how nuclear weapons effects cause personnel casualties and materiel
damage In order to mitigate realistioally the effects of enemy nuclear detonations.

Nuclear weapons effects may be classified as initial and residual. Figure 1 illustrates
the partitioning of energy from a typical fission weapon. Initial affects occur in tho
immediate area within one minute after a detonation and are most important to the commander
since they will create personnel casualties and materiel damage within the timespan of the



current operation. The principal initial casualty producing effects are blast, thermal
radiation, ind Initial nuonsar radiation. Other Initial effects (electromagnetic pulse
(FMP) and transient radiation effects on electronics (TREE)) affect only electrical and
eleetronic; equipment and require protection of one's own equipment from the effects of both
onemy and friendly weapons employment. Residual effects, i.e., fallout, are primarily of
long term interent hut, under certain circumstances, may al so have serious Impact on success
or fallure in the immediate hattie area.

BLAST HEMA

S~50%

C/_ _ _ _ _ 101

EMP INITIAL RADIATION RESIDUAL RADIATION

FIGURE 1. ENERGY PARTITION FOR FISSION WEAPONS.

HOW WILL THESE EFFECTS CAUSE INJURY OR DAMAGE?

The air blast from these bursts will overturn and crush equipment, collapse lungs,
rupture eardrums, hurl debris, tumble personnel, and collapse foxholos. Thermal radiation
will set fire to combustible materials, result in flash blind6ess or burns of the eyes, and
cause personnel casualties due to skin burns. Nuclear radiation will affect critical
biological systems by damaging cells whish are components of all parts of the body. This
radiation damage may cause headaches, nausea, vomiting and diarrhea that is generally Called
"radiation siokness." Although nuclear radiation is the dominant casualty producing effect
for low yield tactical nuclear weapons, othtr initial effects may produce significant damage
and/or casualties depending on the weapon type, yield, burst conditions, and the degree of
personnel and equipment protection, Figure 2 shows typical radii of "dominant" effects at
casualty levels (CAS) and safety levels (SAF) for nominal 1 KT and 10 KT fission weapons and
further illustrates the range difference due to degree of protection of various targets.
For example, personnel In tanks would receive 3000 reds at a distance from ground zero where
exposed personnel would receive 8000 reds.
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l:n additirn to thertma] and hlast damage, electrical and electroni, equipment may be
upset or, permanently damaged by EMP. This EMP In a broad frequency spectrum radio pulse of
elootromagneti, energy that lasts for lea' than a ,eoond after the burst. Its frequency
range extends from extremely low (ELF) into the ultra-high (UHF) frequeniese, with much of
Its energy concentrated In frequenrv ranges (high frequency (IF) into UHF) employed by Army
tactical Communications equipment. It Is of concern because the damage and upset it causes
can occur Rt distances from the burst far beyond where other nuclear weapons effects produce
negligible or no damage. For example, vwl nerahln electrical and electronic equipment could
he damaged by EMP at ranges up to 5 km from a I0 KT surface burst and hundreds of km from a
similar high nitituide hurst.. EMP damage occurs because voltages. and currents, far in excess;I

rf safe levels, are Induc(ed ýn conductors and may burn out components and equipment in the
same manner an a near miss lightning bolt can cause a circuit breaker to trip. A more
detailed technical discussion of' EMP effects is nontained in Nuclear Notes Number 1, "The
Eleotromagnetic Pulse (EMP),."

More detailed technioal discussions of nuclear weapons effects are contained Jn DA
Pamphlet 30-3 and FM 1If-31-1; these effects are also the uubjeot of Nuclear Notes Number 6,
"A Primer on Nuclear Weapons Capabilities."

WHAT CAN BE DONE BEFORE A NUCLEAR ATTACK?

An enemy nuclear attack will probably come with little or no warning, and you can expect
to be warned of a planned nuloear str~ke by friendly forces only minutes before the
designated time-on-target. In either cast, there will be little time to take protective
actions. Tndividual and unit defensive measures must he automatic and instinctive.
Therefore, long-range planning, training, and maintenance for operations on the nuclear
battlefield as well as in understanding of the optimum protective postures for
"strike-warned" troops are essential. Remember that even though the enemy does not target
your unit directly, you still may be exposed to the effects of' a nearby detonation. You can
and must protect yourself from these long-rango, low level effects,

Preparation of the Battlefield.

As with conventional operations, knowing the terrain and using it to your advantage i.s

h!AliO.

Shelter. Exiating natural and mantmade terrain features such as caves, ditches, ravines,
oulverts, ovorpannes, tunnels, and ammunition storage hunkers can be used as expedient
shelters. Prior identlfication will help in finding cover, during an attack.

Resources. Fxtraordinary consumption of expendable materials, medical supplies
(particularly for burn treatment), and water can be antioipated. Prepositfoning is one
answer, as well as the use of commercially available assets such as heavy equipment ard
oommunication lines. Knowing the location and availability of water sources and storage and
delivery assets such as wells, reservoirs, car washes, swimming pools, fire trucks, and
street cleaneor nan greatly help decontamination efforts. As in most instannoes, it maktes
sense to Insure that ench man keeps his canteen full and that additi oal. canteens of water
are available.

PZeration of Personnel.

The need for training is obvious. The soldier should, and no doubt wants to, know the
optimum protective i)ostures to protect himself' and his equipment from a nuclear burst. l.f
we expect him to continue combat operations after an attack, he must also be taught how to
recover from the effects of' the nuolear explosion and how the unit plans to operato in the
nuclear environment,

Psvohologlally, the soldiier can properly be expocted to view the possihility of
undergoing a nurclear attack with great anxiety. Providing the soldier with realilstio
Information about the often overstated or misunderstood aspects of nucloar weapon oiff'octn
and providinl, some basin methods to rnduce these ei'fpects will go a long way towared doling
with this rear.
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Un it, _Pc'rat.I ona~.

Operationailly, the most offective ineans of' nurvivinig on the ntiolorir' httloi'tIld 151 to

rivnil 1he Ing rietec-ted and targnt~ed from the ntart,

Piopers ton. Dil pornod units and equipment ar'o lean I1 ielv to lir dotented , premont loon
desircable tar,17ot., ar11d are, lesm likely to hlo dontrrood. by thm pfffoct! of ii flon~lv(r OittAW1C.

Con,(Fl olmc~ot. Camnou'laigo not, only roducec detrontion hut Pan ( pnri ric-ilnrlv overhe10ad
narnou:l1n ov and ciamoi f'1 age riet.o) gign i Clo-nt ly rpduico the e frfrot of thermal rad iit~i on and
suibsequent fallout.. 3at~tlofionld cnoonWti'Otinri of OifIok, tn addition t~o provdlal .'fntýe
large area connealment, nan r'educe thermal radiation by as much as 9r) pernent,

Cover. Cover is the hest protection from nuclear attaok. Whenevor the tactical
.situation allows, oritical facilities, personnel, equipment, and suppliles should he dug in
or placed in the best shelter avallahle. F'oxholes and field shelters can provide oxnellent
proteotion agans nt the errtsr.t of nurci ear weapons. Tanks and armored volhinles are normally
good shelters.

'The basements of masonry and lig~ht steel buildings nian provIde algnif'toantly more hlast
and rAdiation protection than wheel ed vehicles in moot configurations. Trhis io especItiall y
true for rieid command, control, and oomnnrnioatinn (C0) insetallnt tons whicih typically
cl~rn.-91t of' wheeled ve~hioln emplaned in noricealed, wooded !sltes, Thome ins9tall atioris arn
particularly vulneraible to blast over, pressaurre and drag effects ;in well in tree hlowdowrr and
roreo,# fliron.

Tn more flaiid hattlefrield situattono, at l~eqat ont; tactical (alternate or jump) cornmeali
post (CP) nahoul d he r(inhahl irhod in ii protec tod or h il t-urp ties , As a aln lariat, a [good
practice would he to provide inaximumn shalter for all off-duty personneli and orltic0al
rep] acement equipment.

Cover is alsio of' concern during troop movements9 and Ponvoy operationn. Rloute~
reconnai,,ioenocr should I nolude looating expedient nheltero such .1, culvw~t~s, tuninels,
overpnlssongl caves, and huillt-up areao; enroute stops cian he sohoriuled noor' theant !4he] Icr
2 noattoas for "narly anossa.

Decoption. Frequent he]licopter traffic a--nd raidio transmissions arci nominal lv einacociated
with cr'itinl C3 locatlonan aod troop conoeat-r;tlmon. lid ipad and tr-Anoini.ter, lonationn
and a tronrot C] Italt patternis canl he mod i led to dotrant fr'om the enem'; 10 target.
anqo ttl t ton. Tn conjuaction with tht, appropr Vto une of' ohso'triog, smroke, hOiagi og radito --nd
hell cop trr tr-iffic pat~torrn (,an deceive enemy ohso~rr'cr Find flum'Lher "odor'o the i~'rofVO'
enemny Circa.

RlECOMMENDlED PROTECTIVE POST URP PS 11l PER SONN EL.

tad ividual Acti one.

If a nun leiar' strike kn planned hy friend Iy forces, you wi.1 I ho war'ned If' the hurst oou] '
affect your lonation. Tb Is atri~ke, warning, mnay all ow you hours or, only miniuton to f rid~ timo
host proteotion ponnihlri for, your~self and Your equipment. So what are nome, of' tlie nottorm
to oonsilder for print on Ig yorurselfC on the noel nor hattlo ft old?

-"P1rotect yourt eyes. Do0 NOT LOOK AT THE FIREIEAIJ..." The I nt~onso l ight. I.Ii ai rnormil IV
assent .terI with a nuo] ear' hurst. nan ml g o t~emporar ily hl Iad or-d c you * At t.lnn h
lght inoy he vtiblhIo through tigrht ly closod OY0al Id oven Wi hi volin h irk turroel LOe the

hurst * Coveri ng your' eyes wi th the pa lms L f tho handsi prior to the fli-uli is tho host. mniov
and rolling rveshalli i pwfird to pimice the pup il hehtn1 the eye nookout ýiou] d help. AlI so
remove all types of )Yeglorusesn tc prvovnt suhnorlulent Iinjur-y finm the blant wave.



'--"'Minimize~p expostid skin area.9."1 As an individual, one of the simplest ways to protect
yourself beore a nuclear attack in to keep exposed skin ar'eas to a minimum. The chances of
your becoming a thormal radiation casualty depend on the amount and severity of the skin
area burned. For example, scond or third degree burns over only 301 percent of the body nan
cause incapucitation within ?N1 hours (79 percent incapacitation withi~n ? hours). Your
orllf'orm will reduce by at least '50 percent the thermal radiation on exposed 3kil,. Gloves
will protect hands. A scarf or hood can alse be used effectively to cover and protect. the
mot, viilrrrahlo arnas of the head and the hack nr the neck, Vight colored material is
better than dark becausme It absorbs 1less thermal raid at ion.

-- "PVot00t expLosed mkLin arean." Thermal radiati on will burn exposed areas of' thp .3kin.
Your, faoe, nook and hands will be esipec iall1y vulnerable. You can be hurnied go quickly (in a
:aenund) by the thermal radiation of the burst that any attempt to cover the face and hands i
at the time of' the hurst will te too late. Therefore, Immediately prior to the announced
time of detonation, you should assume a position that protrots the eyes and any exposed skin
areas or the face, arms, or hands. For example, drop face-down to the ground or as low as
ponsible in your covered position, shelter, or vehicle; put the palms of' the hands over the
eyes to protect from flash blindness; and keep the arms protected under your body.
Obviously, try to keep your- hat or, helmet on.

--"'Keep clothes loosely fitted." Skinl burns occur more r'eadil~y whore the clothing is in
diir'ct contatit with or' dr'awn tightly o.ver the skin, such as around thel shoulders, elbows,
waist, and ankles, Rumns result frcon the conduction of heat f'rom the hot fabric to the
skin. Shirt tails should be left out. Trousera should not he tuoked Into boots.

--"Wear' headgear at all times." Your helmeit in probably the most Immediately availablec
blant and thermal protection that you have. Headgear can sihield your tace and eyes from
thermal burns and (to a lesmer degree) flash brldness, protect your head from debris or
impart with solid objectot, and provlide some l imited radiation protecti~on f'or the head. The
Imrpact protuoti~on in worthwhile innsitdi of shelters and vehiol es as well,

--"'Remove dark camouflage face paint," Darkly pai nted areas can absorb mors thermal
onergy and nay ho burned more readily than har'e skin. Application of an effective sun
sc~reen aid (ir crelam over exposed skin areas may provide some addi~tional pr'otection.

--"Wear, ear protection." Depending on the situat.ion, ear plugs or head sets could be
worn to protect you from eardrum rupture or' bearing loss, Of course, this may not always bie
practical., and in most cases Qovering one's ears aftor detecting the flash will he adequate.

Individual Cover.

An stated before, digging in, or taking cover before an attack providos the best
protection from nucleoar' effects. The amount of bl ast, thermal radiati on, and both Initial
mud residual radiat ion protection actually depends on the type of cover' you choose. Figure
3illu~strates the degree of protection i'or cover typically available on the battleftield.
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9HILLS ARE FAIR PROTECTION WALLS ARE GOOD PROTECTION

DITCHES ARE GOOD PROTECTION CULVERTS ARE EXCELLENT

DEEP FOXHOLES ARE VERY GOOD DEEP COVERED FOXHOLES ARE

FIGUH1-', 3. 1EXAMI'LE.9 OF' E~XPEDIENT COVER.

7



Digging In.

Nuolenr radiation-, not oollapse of' your fightinw, ponition (foxhole collapse), la th.e
predominant oasuiiltv producing menhanism for personnel In t'uxholen. Thum, your primary
c~oncern should be shielding yourseilf from this initial gamma and neutron radiation. Oamma
radi~ation protecti on requires thick.l layers of' dense or heavy shielding material such ns
lend, iron, or stone. On the other hand, light, hydrogen-hased material luch ars water,
paraf"In, or oil provide~ good noutron radiation proteotior. Absorption of' neutrons in these
materials produoe.4 additional garmiia radiation, and dfnrige shielding must therefore he
,jrovldfedK to protect agnai n.t this I'secondary" gairmn- vadiation. As a general rule, thn
thinker t~he layers oV each type of shieidint7 matvrialI the hotter, the nvurul 1 radiat.ion
p tro twtion.

-- "Earth is a good shieldIng material." A proporly constructed fighting, ponition offer-i
excellent protection again.-t both mintial and rosidual 'adiation. Examples of banic
fi~ghting position types that provide good protection are shown in figure li.

a.PION[ POSITION

.6 / b. OPEN, 2-MAN FOXHOLE

C. OPEN, ONE-MAN FOXHOLE

IJ 
~

2' 2 i-

i'iOtilE 11. nAsi r YPES OF' iFT0i1T ING P05 rITONS rilAT PIIOVD (MOD:oo PROTE'CTION.
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-- "Dig round foxholes." Foxhole walls Pan nollapso undecr, the fortie of the bnast wave,
Rounded walls will hold tip hetter' than square or, recotangulmr, walls anid are easier to diA.
Although foxhole -oollapso ran cause nasualties, gamma radiation is it'Ill the primary
oconeern. Ikiirug or revottinp your foxhole with uheet metal. or wooden planko oan
sig7nirlonantly reducie foxhole collapse, hit more Importantly lets you huild a foxhole with a
smaller opening whicoh permi t, 1ess initial and rosidual radiati on to enter. Remember that
mavnv metoil surfaces ar~e good thermal reflecotors and must be oýovered to prevent Inerpas:I g
the daniger of burnis.

-"The smaller the foxhnle oppniiig, the bette.r." A majority of the gamma radiation in
the bottom of' a fovholo is svratteo'('1 Inoto t"e foxhole through the onening. Theý one-man
foxhole, with its ',mafllr opening, r,t,fizcen the gmmas radiation P to 4times bolow the Invels
In the two-man foxhole, Don't poit the unit Iloto onn-mao foxholeoý j-ust for radi ation
protection; hut do make the smallest openings you can on all your foxholes.

--"A deep fighting posit ion/foxhol e gives more radiation protec~tion than a shallow
ont. " Deeper fighting positiotus/foxhol-es place a greater thickness of' shielding materiAl or

earth between you and the nuclear detonation and therefore provide greater reduction of

Initial radiation enrtering t~he hole. Tn a two-man fighting position, radiation is reduced
by a factor of two for each 16 inches of foxhole depth. Dig down 4 feet and get a factor of'
six to eight protection.

--Keep as low as possible." Lowering your body in the foxhole obviously puts more dirt

between you and the potential source of' radiation. Curling up on your, side or, better yet,
lying on your, back with knees drawn up to the chest is best (see figure 9i). Instinctively,
lying on your back may seem to he a vulnerable position, but remember that the Ilimbs of the

body are not as vulnerable to radiation as the bead or trunk. Tucked-up legs and arms even
tend to shield the body from radiation, especially from neutrons, since the body Is largely
water and is therefore an excellent neutron shield. Bulky equipment such as packs or radios
can be stored in an adjacent pit if' they prevent getting as low as possible in the foxhole.
Alternately, they can be placed over one's face and hands to provide additi~onal radiation

and blast protection.

N,

FAIR GOOD BEST

FIGURE 5. RECOMMENDED BODY POSITION 1N A FOXHOLE.
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-- "You nan be burned." Thermal radiation can reach you in a foxhole by line-of-sight
exposure or by reflection off the sides. Dark and rough materials such as wool and canvas
(blankets and shelter halves) can be used to cever potential reflecting surfaces and as
proteoti,', cover for personnel and equipment. Remember that these materials may still burn
and char as a result of the thermal exposure, and direct contact with personnel and
equipment should hb avoided. Do not uise ponchos or other rubber or plastic materials as
foxhole covers because they might melt and cause burns. Simply covering a foxhole with
ordinary metal window screening material will block the thermal radiation by about 950
percent and could be used for' thermal protootion without entirely blolcing the view, such a.
in viewing ports of observation posts. Reflected thermal radiation can also be reduced by
insiuring the walils or the foxhole are dark and rough to absorb and scatter the energy.
RFposrd portions of the body should he sovered, and keep'ng low radoces thermal exposure
just as It reduces naclear radiation exposure.

Overhead Cover.

An overhead covering of earth or other material will reduce the amount of thermal and
initial nuclear radiation that reaches you, help prevent the entrance of fallout, and reduce
blast overpressure In the foxhole.

"-"Massive overhead cover is best." Tables I rnd TI show the radiation protection
provided by various layers of earth and sandbags. Beware of poorly constructed overhead
cover• it must he able to withstand the blaist wave. The increased protection may not he
sufficient to warrant covering only for' radiation protection purposes because of the
increased hazard from collapse by blast. Some examples of good field expedient overhead
cover are shown in figure 6. U-shaped picltets, landing mat sections, timbers, and certain
fabrics can be overlain with sandbags or earth. Ammunition boxes filled with earth can also
be used. The important fectors to remember In constructing effective overhead cover are:

-- Choose dense covering materials.

-- Cover in depth.

-- Provide strong supports.

-- Cover as much of the opening as possible.

A more detailed disnussion of field-expedient fortifications for protection from the
effects of nuclear weapons is contained in Waterways Experiment Station Technical Report
N-711-7, "Expedient Field Fortifications for Protection from the Effects of Nuclear Weapons,"
Sep 74.

10
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-- "Vehi&]es maMke good expetielnt overhead cover." If you don't have a concrete slab or a
chain saw handy to help nonstrunt stuirdy overhead cover, a .simple and fact alternative is to

drive a vehicle over the top of your foxhole (n•tc figure 71. A hfnavy armored vehicle is
better than n wheeled vehlili (of course heing inside an armored vehilel is even hatter).
As with any type of overhead cover, Initial radiatlon can still enter yoor foxhole through
the earth qIdn::i or by line-of-Mi7ght between the openings [n the sides of veholnes (between
treads, road wheols, nrid tires) and the hurst, Sandbags can hno used to cover thrne
openIngs. Remember, the vehicle ii not a good neutron shield, aind hoth neutron and gamma
radiation protection can be enhanced oosriderably hy planing, wet sandhýg:i over' the top or
the vehicle. Also remember that the hl•nt wave may violently displae, the vehicle and tend
to ceoll:ipse fox holhoe * Ori•ntlrup the a;mor',d vehicle hoad- or rear-onr to th,, experted
ki reotlon of" the un,.t wii I I elp reduce, thin prohble..
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Takln Shelter.

Well-constructed fighting positions and hunkers provide excellent protection against all
the effrcts of a nuclear, detonation. However, radiation Is still the greatest concern
because of its great penetrating power.

-- "The more earth cover, the better the shleldlng." It is important that as much of the

earth cover aj possible be placed in between you and the hurst because the greatest
percentage of radiation enters the foxhole in direct line-of-3ight from the fireball, Table
T illustrates the value of increasing amounts of earth cover for shitding from a
hypothetical free-in-air dose of 2400 rads. An open foxhole provides a protection factor of
eight because It blool<s most of the lino-of-.ight radiation and passes only a fr'Aotion of'
the scattered radiation to the bottom of the foxhole. Fach added 6-inch thicknens of
overhead earth cover will reduce the scattered radiation by a factor of two,

TABLE I, THE SHIELDING VALUES OF EARTH COVER FOR A HYPOTHETICAL 2400 RADS FREF-IN-AIR
DOSE.

Depth of Earth Radiation Protection Factor Resultant Dose (Radel

Man in open None 24100

Man in 4 foot deep open foxhole 8 3()0
with 0.5 ft or earth cover 12 200"t 1.0 ft " 24 100" 1 1.5 ft I 148 O

" 2.0 ft H 96 25

Although radiation is scattered from all directions, most of' it comes from
direct line-of-sight to the fireball. Therefore, the flat earth cover of an
underground shelter (see figure 8) provides much more protection than an
equivalent thickness of cover on a similar aboveground struciture because the
line-of-sight thickness is greater.

ABOVEGROUND SHEI TER

U BETTER

BELOWGROUND SHELTER

FIGURE 8. SECTION VIEWS OF .HFLT RRS.

with sand or compacted clay, will reduce the transmitted radistlon by st factor

of two. The payoffs for adding layers of sandbags are shown in Table i1 for a
potential free-in-air dose of 2400 rads,

II



TA 1IL Ti I. APTATtoN PROTECYTION FAC0TOhi 017 ,;AN[)- ANt) rIAY.-l.'LIJED SAND0AOS.

Layiirs Radliatiton Prontnot~ion Fantor' Ilcioltatnt Doge (1ltds)

Mnn i n cilon Nonne40

Man in )iI foot, -deepi foxhole 13300
wA th 1 ('1") .1otiril

-- "Pland or nompaotei la t<ir iovlderis bft~tel' radiation nhielding than earth Ofhennune It i.Ii
mover donse." Xanh layer of' sand- or alay-fili ied sndbaj.ga can provide up to 60O parcent

hoitter protmiltion from radia.-tion than the same thioknesa of' soil (or 9oil-fi liedi zsatidagne)
al one . For- oxample, Tabin I nhown that. 12 inoheti or' earth giVPS R protection routor, of 21ji

(1110 radln) wh ile Table TI in od Ieste that 12 ioohrs (3 layern) or nand- or cil y-ri I ed
s 9a~. prov i dot, a rad iat ion protoit ion too tor, of' 64IC3 es.Aaa~nrYru ovlt

naoidh:W,3 WIll provide hotter raditinton protontion thani lighter ones, and cirok.L hetween
scindihaWs shouldA he avoided to prevent. leakage of' radintion Into the tiholtver.

-- "Neot ron ved i~iiion coo be rttulpped.*' Water' wil 1 low dlown and absorbt net'trotim but
omenn noino gamma radiation Ini givort off' in the prouons, densn shielding, Ai still requir-id.
Damnp ear~th or' co-ncirete will protoot from both formsi or radi ation. For example, only 12.
Inch~on of' notnorte or' 211 inahett of' damp earth nro retluirod to reduoti oeutronr radiation
eixposttt'e by a faciotor of' 10.* Wrilt, rnondhagao can bie used I oritiart to anhirive a raootor of' twO'
iedotkioton for ever'y 11-inob layer' used. 3ome othor expedienrt neutron nhielding materialn

i nril ude: conic I ners of' water, fuel oil, para ff'in, and o~vnn hoxvs of Bornxo nl caner.

Ilemoaher that radiaotion In i nattered In ill diroctions, a~nd nhiolding. must, he denigiind forI

-- "Protecit your sandbags."1 .'andhags expio.ed to thrirmal radiation will horvn arid splll
thoir oontetnts, which) oan then be moved morn easily by the blastit wave. Coveoing !inodhaign
wi th a rtmal amount (if' earth anti/or 4otf will elfiminate thin probi em, enhaince your
otamou f'1 gag, :ind p t'ov icd vol tahin nciadd ti tonl convont. I ona ft'agmetntat.ion p rotelt iton ( see
figure 0i).

4 1 1 * 'kI

FIGURE q. PROTECTING SANDBAGS WTTlH 301) AND EARTH COVKH.

-- ttKeimp thii openings to your shelter small." A blast wave oan enter a shelter and he
reflecited to inorease the Interior pressure to has,,ardoun 'levoils. This presnure increase
depends strongly on the ranti~o or the size of the openinr to the total volume of the shelter
as shown in figure 10.
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OVERPRESSURE MULTIPLICATION

FlaUEHF 10. OVERPRESSURE MULTIPLICATION PLOVfED AS A FUNCTION
OF OPNNINO/VOLUME RATIO.

Opening-to-volume ratlos of less than 0.03/ft will antually redune the internal
overpressure while larger ratios will amplify. Therefore, assuming you have 1111l1t a 5 ft x
10 ft x 6 ft sheltor, the door and windows should not exceed a total area of q ft (i.e.,

ft x 14.5 ft) to prevent pressure multiplication.

-- "Protect yourself even inside a shelter." A blast wave can enter your shvIter with
great force oarryi'ig hot. sand and burning debris that nan nnuse burns and tranmlational and
missiling injuries. As in the case for personnel in the open, lying feos,-down on thil floor
of the shelter offers worthwhile proteotlon. However, the violent flow of' air from a door
or window should be avoided. Lying on the floor near a wall where the presaure wave may he
inoreased due to reflection still appear. safer than standing sway from the walls and hbing
blown ahout and injured by the blast (see rlgure 11). Where posnible, oonstrnictng. baffles
or turns in the entrance to shelters nan he effeotive In preventing overpren-uro hailhdop:
and the entry of dust and debris.

BLAST FLOW
E ENTRY

l I V t L ' • I 'Il((• I I L{ IO Nll

FIGURE 11. PROTECTION FROM BLAST FLOW INTO SHELTE;RS.SX .,'i .I-



Shelter in Buildings.

Certain types of buildings offer excellent shelter from the effects of nuclear
detonations and require a minimum or time and effort to adapt to your needs.

-- "Choose the buildings carefully." The strongest structures are heavily framed iteel
and reinforced concrete buildings, while the worst, choloes are the shed-type industrial
buildings having light frames and long beam span. Even well constructed frame houses are

.sitronger than the latter. Examples of some typical structures that will provide good
proteotion are shown in figure 12. Ammunition storage bunkers will also provide exceptional

proteotion and are generally large enough to accommodate most vehinlln and equipmnnt.

•41 1

If

1), REINFORCEDI MASONRY- BI.OCK HIOUSE

FIGURE 1I?. TYPICAL, STRUTUcrUF.9 THATr PROVIDE (10OD PROTECTION.



--European rural Rnd urban sitriioturooa 0110 provide good prrntaotion." Many typtis or
pre-WWTI Pmropnan ho ildi n~s siin as farm houmon, ohttrohea nod munini pal hiidi '1 In were
oorwtruot.M with thick, full span floor and o'fl hog heams; h~r~vy rooflin, tLiles; donrso,

veinforood wallai; and in most. 1as a~ n Cil Ihanaamnt, that. will provide good blast and
rad iati on proto ti on. Typicia I Eropeiiv irnrnl nod iirhan ,itriiotures that. (,on rprovi do such
pr'otect.ion Fire shown in Cl gtirt 11. CharitortorI stInn U)o look for Ino~lude:

- I've-W' i diiign and roiontrri~'tt. 10

- Full Narimmerits r'onnt~ruc.tor of C 'on ret~e or' non 0, Ma. :ior yoli on, 0Ox It,
dIlrf-til to tie no~t nide noi wo'1 n.9 tir'o',ph UPc rippwr' Cl 000 In ri 0,' or einvgo~nv.

- Th ink-walled, mranonry nHtrllotlr.A. Thirty-si x oeot i tiptor wall thioknnss (titro;iter
than 1 f'oot) in an I od Iratio 0 f' good, peoP-WWTI wnl 1 o~nstr'itiOtIon. Tr hIrnrts
(part! i-it 'y southern ~lermaril'' wh(!rr oonnt.ructloon detail iai typional l r~nooealod
by sito' .- !.n ta, rio',tra'h,', Intter ior w; 11 roatjj,,t sli "' a01h l diagon~al ,i-ipport.s i rnd
blockwo. ' ,in lie niaco when tho wall 14 wot.

- Buil in log with the loatL nmounht of P~la-4:1 Eur'opea wI odnwA ;01 doonro typ ically
are p rotec ted by rollup or roi li g rnihut.tteyn wtI oh rono pnovin lio v ornomiddIt on il
bloast. and thermalI proteto ino.
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-- "Select a shielded building." Bulildings located in the Interior of olvoely arranged
groups (towns) will be shielded by exterior rows of houses. Blast overpressures and
structural dainage are significantly reduced for such shielded structures. Debr's and rubble
problems and fire hazards may increase toward the center of the town, and you should
consider as'numing shelter two or three rows of' buildings from the edge of town to avoid
serlous hindrance to post-attack maneuver.

-- "fet helow ground level." The basement, becasine It Is below ground, will provide
increased blast protection and much more line-of-sight radiation proteotion due to thn
,urrounding iarth fill than the aboveground floors, Additional radiation protection can be
added by placing a layer of earth or nandbags on tho floor above you. This additional dead
weight will be significant, and shoring up the floor should be considered. .,ernately,
more protection can he gained by sandbagging a smaller shelter in the basement (e.g., a
sturdy table) without increasing the possibility of the entire floor collapsing. Windows
can be blooked by sandbags, and the radiation protection and structural strength of any
aboveground exterior walls can be enhanced by piling dirt and sandbags against the walls,
*Ocnerally speaking, you can expect radiation to be reduced by a factor of 10 in basements
compared to levels in aboveground floors.

-- "Position inside of the building can make a differenoe." On aboveground floors the
greatest protectlon from both initial and re-sidual radiation Is achieved in the center of
the building, whereas helow ground the greatest protection is achieved in the norners of the
building. In either case the dose to your body in a prone position would be about one-half
of the dose when standing. The lesson here is to seek shelter in an underground structure
and lie in a corner or, if an underground shelter Is not available, lie down in the center
of a shelter under a sturdy table, unless significant radiation shielding or structural
strength is available at some other location (see figure 14) such as inside a fireplace,
under a stairway, or in a bathroom where the plumbing and relatively close spacing of walls
might provide increased struntural strength.

FIGUREII 111 SEEKING SHFLTFHi IN BUILD INGS.
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